TITLE OF THE INVENTION 

SURROUND DEVICE 

5 BACKGROUND OF THE INVENTION 

The present invention generally relates to a surround 
device which realizes a three-dimensional sound field by 
connecting a plurality of speakers, and more particularly, to a 
surround device provided with boost means for boosting particular 

10 frequency components of particular channel signals. 

As is conventional, the Dolby Stereo method has been 
adopted as a two- track sound format such as movies. The Dolby 
Stereo method uses audio signals put together in two input 
channels to separate and reproduce signals into four output 

15 channel audio signals (left L, center C, right R, and surround 
S) . 

For example, an encoder adopting the Dolby Pro Logic method 
which is known as the two -track sound format described above will 
be explained with reference to FIG. 1. In the figure, four 

20 separate signals (left L, center C, right R, and surround S) are 
input into the encoder to create two final output signals of an 
L total (Lt) and R total (Rt) . The outline of this signal 
processing will be explained as follows. After an audio input 
signal C as a center channel is level - at tenua ted by an attenuator 

25 by 3 dB, it is added to an audio input signal L for a left channel 
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and an audio input signal R for a right channel, respectively. 
Further, an audio input signal S for a surround channel is added 
to these added signals after subjected to following four processes 
to create two final output signals of an L total (Lt) and R total 
(Rt) : 

a. the input signal S is attenuated by an attenuator by 

3 dB; 

b. further, frequency components from 100 Hz to 7 kHz are 
extracted with a BPF (band-pass filter) ; 

c. in addition, elimination of noises is performed by a 
noise reduction circuit (Dolby NR encoder) ; and 

d. additionally, signals with phase differences of plus 
and minus 90 degrees are created. 

Next, when the signals encoded by the signal processing 
with the Dolby Pro Logic method described above are reproduced 
as a three-dimensional sound field, the signal processing which 
is a contrary flow to that of the above mentioned encoder is 
performed. With this processing, the two input signals of Lt and 
Rt are separated into four channel signals of a front left channel 
(Lch) , center channel (Cch) , front right channel (Rch) , and rear 
surround channel (Sch) . 

Incidentally, the reproduction for the rear surround 
channel is usually performed by monophonic using two speakers. 
In addition, the Dolby AC 3 method or the like has been proposed 
as one of mul ti - channel surround systems other than the method 



described above. 

Further, in these surround devices, a speech portion of 
a person such as an actor (especially in movies) is generally 
designed to be fixed in the center channel (Cch) , 
5 In the mul ti - channel surround devices adopting the Dolby 

Pro Logic and Dolby AC 3 methods described above, the total sum 
level of all channel outputs other than the center channel becomes 
low rapidly when speech becomes principal. In such a case, it 
is consequential that the total sum level of all the sound volume 
10 of the channels including the center channel becomes also low 
abruptly. On the other hand, people's ears have been accustomed 
to the level before it was lowered, so that consequently it is 
hard to catch the speech from the center channel until people get 
used to a sound volume produced only by the center channel, and 
15 accordingly this point has been a problem. 

In addition, particularly in the Dolby Pro Logic method, 
the frequency components from 100 Hz to 7 kHz of the audio input 
signal S for the surround channel, when encoded, has been 
bandlimited by a band-pass filter (BPF) , and in particular, the 
20 signal level of the frequency components higher than 7 kHz is 
attenuated as the frequency thereof goes up. 

Therefore, there was a problem that the presence as the 
three-dimensional sound field of the Dolby Pro Logic method is 
poorer in comparison to other surround systems, for example, the 
25 Dolby AC3 method. 
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SUMMARY OF THE INVENTION 

The present invention has been made in an attempt to solve 
the above-described problems, and therefore, one of objects of 
the present invention is to provide a surround device which makes 
speech of a person easy to hear. 

To attain the above object, the present invention provides 
a surround device for processing stereo signals decoded by a 
decoder adopting a multi - channel surround method, comprising 
boost means which boosts middle and low frequency components of 
a center channel signal in stereo signals. 

With this configuration, in the case of person's speech, 
even when the total sum level of all channel signals lowers rapidly, 
the sound volume output from the center channel would not be turned 
down, so that an effect to make person's speech easy to hear may 
be obtained . 

Thus, the present invention provides a surround device in 
which the boost means described above is composed of a level 
detection portion which detects an output level of the center 
channel signal, an operation portion which determines an amount 
of boost based on the result of the level detection portion, and 
a signal boost portion which boosts the center channel signal 
based on the result of the operation portion. 

This enables the amount of boost to be set zero when input 
signals are large or small. Therefore, the boost means can be 



controlled so that when the input signals are large, an overscale 
is prevented, and when small, noise components are not boosted. 
Thus, even when the total sum level of all the channel signals 
lowers rapidly, the effect will be obtained in which person's 
5 speech from the center channel is made easy to hear. 

The multi - channel surround method described above may be 
either the Dolby Pro Logic or Dolby AC3 method. If the present 
invention is applied to both above mentioned methods in which the 
center channel signal is attenuated, the effect is such that, even 
10 if the total sum level of all the channel signals is lowered 
abruptly, the sound volume output from the center channel would 
not be turned down, making it possible to hear speech of a person 
distinctly from front center side. 

Furthermore, another object of the present invention is 
15 to provide a surround device which can reproduce presence by 
improving an output of the surround channel in a surround device 
adopting the Dolby Pro Logic method. 

Thus, the present invention provides a surround device for 
processing stereo signals decoded by a decoder adopting the Dolby 
20 Pro Logic method, comprising boost means which boosts high 
frequency components in the surround channel signal in the stereo 
signals . 

People's ears are sensitive to sounds with high frequency 
components, so that the sound volume in the high frequency 
25 components is increased by the boost means which boosts the high 
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frequency components in the surround channel signal, in order to 
cause a sound source from the surround channel to be conscious, 
and obtain the effect of enhancing the presence as a three- 
dimensional sound field. In addition, the effect can be obtained 
5 so that a simple and cost effective surround device with the Dolby 
Pro Logic method can be made, which has increased presence as the 
three-dimensional sound field, and be equivalent to one adopting 
the Dolby AC3 method. 

The present invention also provides a surround device in 
10 which the boost means described above is composed of a level 
detection portion which detects an output level of the surround 
channel signal, an* operation portion which determines an amount 
of boost based on the result of the level detection portion, and 
a signal boost portion which boosts the surround channel signal 
15 based on the result of the operation portion. 

This enables such an effect to be obtained that the amount 
of boost can be set zero when input signals are large or small. 
Therefore, the boost means can be controlled so that when the input 
signals are large, an overscale is prevented, and when small, 
20 noise components are not boosted. Thus, an effect can be obtained 
to create natural presence by increasing the sound volume of high 
frequency components only when it is required. 

In the above configuration, the signal from the boost means 
of the surround channel signal may be divided into two channels. 
25 This enables the presence as the three-dimensional sound field 
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to be better enhanced. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention, together with objects and 
5 advantages thereof, may best be understood by reference to the 
following description of the presently preferred embodiments 
together with the accompanying drawings in which: 

FIG. 1 is an illustration showing the concept of the Dolby 
Pro Logic method in a surround device of the prior art; 
10 FIG. 2 is a block diagram of a decoder in an embodiment 

of a surround device according to the present invention; 

FIG . 3 is a signal flow diagram showing processing in middle 
and low boost means for the center channel signal in the decoder 
in the embodiment of the surround device according to the present 
15 invention; 

FIG. 4 is a graph showing relations of amounts of boost 
and outputs with respect to inputs in the decoder in the embodiment 
of the surround device related to Fig. 3; 

FIG. 5 is a signal flow diagram showing processing in high 
20 boost means for the surround channel signal and in stereo means 
in the decoder in the embodiment of the surround device according 
to the present invention; 

FIG. 6 is a graph showing relations of amounts of boost 
and outputs with respect to inputs in the decoder in the embodiment 
25 of the surround device related to Fig. 5; and 
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FIG. 7 is a signal flow diagram showing processing in high 
boost means for front right and left channel signals in the decoder 
according to the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention will 
be described and they show a surround device which includes a 
decoder adopting the Dolby Pro Logic method. 

As shown in FIG. 2, two source signals of an L total signal 
(Lt) and R total signal (Rt) are supplied to an adaptive matrix 
circuit 1 to be decoded into four channel signals of a front left 
channel (Lch) signal, center channel (Cch) signal, front right 
channel (Rch) signal, and rear surround channel (Sch) signal. 

Each of these decoded signals are output from the surround 
device through boost means which boost signal levels with respect 
to predetermined frequency range components of each signal . In 
particular, to solve the above mentioned problems , in the surround 
device according to the present invention the levels of middle 
and low frequency components of the center channel (Cch) signal 
decoded by the adaptive matrix circuit 1 are intensified by middle 
and low boost means 2 and then output . The detailed configuration 
of this middle and low boost means 2 will be described with 
reference to FIG. 3. 

Initially, the center channel (Cch) signal decoded by the 
adaptive matrix circuit 1 is supplied to the middle and low boost 
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means 2 which boosts the middle and low frequency component 
signals in the component signals of the center channel (Cch) 
signal. Then, it is subjected to the following processing 
performed by the middle and low boost means 2 to be output from 
the surround device as the signal of the center channel: 

(1) The middle and low component signal (a) from 200 Hz to 5 kHz 
in the center channel (Cch) signal decoded by the adaptive matrix 
circuit 1 is firstly extracted by a band-pass filter (BPF) 21. 
Also, a signal (b) other than the middle and low component signal 
is extracted by an adder 25; 

(2) A level detector 22 detects a signal level of the middle and 
low component signal (a) by performing a full -wave rectifying 
processing and integral processing to the middle and low component 
signal (a) to smooth the signal (a) (to process the signal (a) 
from AC to DC component) ; 

(3) An operation portion 23 determines an amount of boost for the 
middle and low component signal (a) according to a level detection 
signal detected in the above step (2) ; 

(4) A signal boost portion 24 boosts the middle and low component 
signal (a) from the band-pass filter (BPF) 21 according to the 
amount of boost which has been calculated and determined in the 
above step (3) and outputs a middle and low boost signal (c) ; and 

(5) An adder 26 adds the middle and low boost signal (c) boosted 
in the signal boost portion 24 and the signal (b) other than the 
middle and low component signal (a) , extracted by the adder 25 



in the above step (1) to output the added signal as a center channel 
signal from the surround device. 

In this manner, the level of the middle and low frequency 
components of the center channel signal output from the surround 
5 device is more intensified in comparison with the center channel 
(Cch) signal decoded by the adaptive matrix circuit 1. 

Next, the operation and determination of the amount of 
boost in the operation portion 23 and a boost configuration in 
the signal boost portion 24 in the above steps (3) and (4) will 
10 be described. Firstly, the amount of boost is concretely 
calculated and determined according to the following formula: 

Amount of boost A - aX + b .... (I) 

wherein, a and b are constants which are selected by an input X 
and designated in Table 1. The amounts of boost A with respect 
15 to the inputs X are determined based on selection of the constants, 
as shown in Table 1. 

Here, the middle and low component signal (a) is boosted 
by the signal boost portion 24 in the above step (4) based on the 
calculated and determined amount of boost. This boost operation 
20 is performed concretely according to the following formula (II) : 
Output Y = X + A (dB) .... (II) 

The output Y, that is, the middle and low boost signal (c) , 
with respect to the input X is determined based on this operation, 
as shown in Table 1. 
25 Incidentally, Table 1 represents one example of the 
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constants a and b, input X dB, amount of boost A dB, and output 
Y dB which are judged to be easy-to-hear condition based on an 
audition experimental result, and further, FIG. 4 depicts Table 
1 in graph. 

5 

Table 1 



I npu t 


Amoun t of 
Boost 


Output 


Constants for calculation 
of the amount of boost 


X (dB) 


A (dB) 


Y ( dB ) 


a 


b 


0 


0 


0 


al 


bl 


- 2 0 


0 


- 2 0 






- 2 0 


0 


- 2 0 


a2 


b2 


- 2 5 


2 


'- 2 3 






- 2 5 


2 


- 2 3 


a3 


b3 


- 3 0 


4 


- 2 6 






- 3 0 


4 


- 2 6 


a 4 


b4 


- 3 5 


6 


- 2 9 






- 3 5 


6 


- 2 9 


a5 


b5 


- 4 0 


4 


- 3 6 






- 4 0 


4 


- 3 6 


a6 


b6 


- 4 5 


2 


- 4 3 






- 45 


2 


- 4 3 


a7 


b7 


- 50 


0 


- 50 






- 5 0 


0 


- 50 


a8 


b8 


- 7 0 


0 


- 7 0 







The amount of boost A = aX + b (wherein, a and b are constants 
which vary according to the input X) 
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The output Y = X + A (dB) 

As shown in Table 1, the amount of boost A reaches the 
maximum when the input signal X is approximately -35dB, and it 
is not boosted when the input signal X is in the range from 0 to 
-20dB, or -50dB or lower, so that even when the input X is in high 
level, the output Y would not exceed the full scale inside of DSP , 
and when in the low level in which only noise components reside, 
the boost operation is prevented to function. Therefore, even 
when the total sum level of all the channel signals is lowered 
abruptly, the sound volume output from the center channel would 
not be turned down, making it possible to hear speech of a person 
distinctly from front center side. 

The embodiment described above is applied to surround 
devices including the Dolby Pro Logic method, however, it will 
be appreciated that the embodiment may be applied to any other 
multi-channel surround devices so long as they do not damage the 
characteristics of the present invention as well as to the Dolby 
AC 3 method. Furthermore, in this embodiment the amount of boost 
A is set up so that it reaches the maximum when the input signal 
X is approximately - 35dB and it is not boosted when the input signal 
X is in the range from 0 to -20dB or below -50dB, however, other 
settings other than those in the embodiment described above may 
also be employed so long as they do not damage the characteristics 
of the present invention. 
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Next, a configuration which reproduces the presence with 
improved surround channel outputs in a surround device adopting 
the Dolby Pro Logic method will be explained. 

As mentioned above, among the signals decoded in the 
5 configuration of the surround device with the Dolby Pro Logic 
method shown in FIG. 2, high frequency components of the rear 
surround channel (Sch) signal are intensified by the high boost 
means 3, and further processed to a left rear surround channel 
(SLch) signal and a right rear surround channel (SRch) signal by 
10 the stereo means 4 to be output from the surround device. 

Next, the detailed configuration of this high boost means 
3 and stereo means 4 will be detailed with reference to FIG. 5. 

The rear surround channel (Sch) signal which is decoded 
by the adaptive matrix circuit 1 is firstly supplied to the high 
15 boost means 3 which boosts high frequency component signal in the 
supplied component signal. This signal is then subjected to the 
following processing in the high boost means 3 and subsequently 
output as the rear surround channel signal to the next stage, i.e. 
the stereo means 4: 
20 (1) The high component signal (d) 7 kHz or more of the rear surround 
channel (Sch) signal decoded by the adaptive matrix circuit 1 is 
extracted by a high-pass filter (HPF) 31. Also, a signal (e) other 
than the high component signal is extracted by an adder 35; 
(2) A level detector 32 detects a signal level of the high component 
25 signal (d) by performing a full -wave rectifying processing and 
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integral processing to the high component signal (d) to smooth 
the signal (d) (to process the signal (d) from AC to DC 
component) ; 

(3) An operation portion 33 determines an amount of boost for the 
high component signal (d) according to a level detection signal 
detected in the above step (2) ; 

(4) A signal boost portion 34 boosts the high component signal 
(d) from the high-pass filter (HPF) 31 according to the amount 
of boost which has been calculated and determined in the above 
step (3) and outputs a high boost signal (f ) ; and 

(5) An adder 36 adds the high boost signal (f ) boosted in the signal 
boost portion 34 and the signal (e) other than the high component 
signal (d) , extracted by the adder 35 in the above step (1) to 
output the added signal as a rear surround channel signal. 

In this manner, the level of the high frequency components 
of the rear surround channel signal output from the high boost 
means 3 is more intensified in comparison with the rear surround 
channel (Sch) signal decoded by the adaptive matrix circuit 1. 

The calculation and determination of the amount of boost 
in the amount of boost operation portion 33 and a boost 
configuration in the signal boost portion 34 in the above steps 
(3) and (4) will be set up in the same manner as that of the center 
channel signal*. The amount of boost is concretely calculated and 
determined according to the formula (I) described above. However, 
in the case of the rear surround channel signal, the calculation 



and determination of the amount of boost will be performed based 
on the constants indicated in Table 2 below. 

Next, as with the center channel signal, the high component 
signal <d) is boosted by the signal boost portion 34 in the above 
5 step (4) based on the calculated and determined amount of boost. 
And, this boost operation is also performed according to the above 
mentioned formula (II) as with the center channel signal. 

The output Y with respect to the input X , that is, the 
high boost signal (f ) , is determined according to this operation. 
10 Incidentally, Table 2 represents one example of the 

constants a and b, input X dB, amount of boost A dB, and output 
Y dB which are judged to be easy-to-hear condition based on an 
audition experimental result, and further, FIG. 6 depicts Table 
2 in graph. 

15 

Table 2 



Input 


Amount of 
boost 


Output 


Constants for calculation 
of the amount of boost 


X ( dB ) 


A (dB) 


Y (dB) 


a 


b 


0 


0 


0 


al 


bl 


- 5 


0 


- 5 






- 5 


0 


- 5 


a2 


b2 


- 2 0 


9 


- 1 1 






- 2 0 


9 


- 11 


a3 


b3 


- 3 5 


9 


- 2 6 






- 3 5 


9 


- 2 6 


a 4 


b4 
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- 5 0 


0 


- 5 0 






- 5 0 


0 


- 5 0 


a5 


b5 


- 7 0 


0 


- 7 0 







The amount of boost A = aX + b (wherein, a and b are constants 
which vary according to the input X) 
The output Y = X + A (dB) 

5 

As shown in Table 2, the amount of boost A reaches the 
maximum when the input signal X is approximately -35dB, and it 
is not boosted when the input signal X is in the range from 0 to 
-5dB or below ~50dB, so that even when the input X is in high level, 

10 the output Y would not exceed the full scale inside of DSP , and 
when in the low level in which only noise components reside, the 
boost operation is prevented to function. 

As previously explained in detail, people's ears are 
sensitive to sounds with high frequency components, so that the 

15 sound volume in the high frequency components is increased by the 
high boost means 3 which boosts the high frequency components in 
the surround channel signal and a sound source from the surround 
channel is caused to be conscious, thereby causing the presence 
as a three-dimensional sound field to be enhanced. 

20 Incidentally, in this embodiment the amount of boost A is 

set up so that it reaches the maximum when the input signal X is 
approximately -35dB and it is not boosted when the input signal 



16 



X is in the range from 0 to -5dB or below -50dB, however, it will 
be appreciated that other settings other than those in the 
embodiment described above may also be employed so long as they 
do not damage the characteristics of the present invention. 

In this manner, the level of the high frequency components 
of the rear surround channel signal is intensified and output from 
the high boost means 3, and then the rear surround channel signal 
is processed by the stereo means 4 into a left rear surround channel 
(SLch) signal and right rear surround channel (SRch) signal to 
be output from the surround device. This stereo means 4 is 
concretely configured so that, after the rear surround channel 
signal is distributed into two systems, level differences are 
added to the resulted respective distributed signals by signals 
GSL and GSR which reflect level difference between the front left 
channel (Lch) signal and front right channel (Rch) signal at 
amplifiers 41 and 42 and subsequently the respective distributed 
signals are output from the surround device as the left rear 
surround channel (SLch) signal and right rear surround channel 
(SRch) signal. That is, when the Lch is higher than the Rch by 
1 dB in front signals, the surround left channel (SLch) signal 
is output directly without amplifying and the surround right 
channel (SRch) signal lower by 1 dB is output. 

This causes the surround device to be closer to a surround 
system adopting the Dolby AC3 method or the like and allows the 
presence as a three-dimensional sound field to be increased. 



The surround device shown as one embodiment of the present 
invention causes the middle and low frequency components of the 
center channel (Cch) signal or the high frequency components of 
the rear surround channel (Sch) signal decoded by the adaptive 
matrix circuit 1 described above to be boosted. Furthermore, as 
shown in FIG. 2, the boost means 51 and 52 may also be provided 
which boost the respective signal levels of the high frequency 
components of the front left channel (Lch) signal and front right 
channel (Rch) signal. The configuration of the boost means 51 
and 52 will be described using FIG. 7. 

The front left channel (Lch) signal and front right channel 
(Rch) signal decoded by the adaptive matrix circuit 1 are firstly 
supplied to the high boost means 51 and 52 which boost the high 
predetermined frequency components in the supplied signal 
components, and subsequently, subjected to the same processing 
as that of in the high boost means 3 in these high boost means 
51 and 52 to be output from the surround device as the front left 
channel signal and front right channel signal; respectively. 

That is, the high frequency components (g) of the Lch and 
Rch signals decoded by the adaptive matrix circuit 1 are extracted 
by a high-pass filter (HPF) 53, and an adder 57 extracts signal 
(h) other than the high frequency components thereof. 

Then, a level detector 54 detects a signal level of the high 
frequency component signal (g) . An operation portion 55 
determines an amount of boost of the high component signal (g) 
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according to a detected level detection signal. 

The high component signal (g) is boosted in a signal boost 
portion 56 according to the determined amount of boost to be output 
as a high frequency boost signal (i) . The thus ohtained high 
5 frequency boost signal (i) and the signal (h) other than the high 
frequency components are added and then output as the front left 
channel and front right channel signals from the surround device. 

In this manner, each of the front left channel and front 
right channel signals output from the surround device is more 
10 enhanced in the level of its high frequency components than that 
of the front left channel (Lch) and front right channel (Rch) 
signals decoded by the adaptive matrix circuit 1. 

While the presently preferred embodiments of the present 
invention have been shown and described, it is to be understood 
15 that these disclosures are for the purpose of illustration and 
that various changes and modifications may be made without 
departing from the scope of the invention as set forth in the 
appended claims. 
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